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As well as imparting an understanding of biodiversity to children, an island can also teach them a lot about the nature of the human spirit, such as the maddening fear of isolation seen in Robinson Crusoe, the regression to savagery in Lord of the Flies from the absence of a civil structure, and the loneliness represented in Island of the Blue Dolphins. (I had never come across this latter text before and I think it speaks to Heneghan's thoroughness that a reader can fi nd something new to discover.) When stripped of our 'natural' environment, what becomes of us and how do we handle this loss? Will our protagonists conquer the island or will it conquer them? "(...) we live not just in the world as it is given to us, as most animals do, but are capable of imagining alternative futures that humans then have a hand in shaping." Liam Heneghan, Beast at Bedtime.
Urban storytelling is perhaps not the fi rst thing to come to mind when discussing environmental wisdom in children's literature, but the urban environment provides a good illustration of what life was, is and might be in the setting's juxtaposition with nature.
Whether the story highlights a rural setting being assimilated into a larger urban landscape (Virginia Lee Burton's The Little House), an industry at odds with the natural world (Dr. Seuss's The Lorax), or the concept of a city as an ecological system with material fl owing in and out of it (Jean de Brunhoff's The Story of Babar), it refl ects the fi ne balance between urban and natural environments. And it is through these stories that children can be taught to care about our role with nature by providing them with warnings of and potential remedies for ecological damage: the little prince, in the story of the same name by Antoine de Saint-Exupéry, learns of his responsibility to his rose and of the reasons it is so dear to him, while Dr. Seuss provides an example of the wrong way to effect change and encourage sustainability through his representation of the Lorax. Ultimately, Beasts at Bedtime is a marvellously enjoyable read. Heneghan does not aim to instruct the reader on the dos and don'ts of reading children's literature, but he emphasises the importance of raising awareness of environmental themes and issues among the next and future generations. After all, it will be these generations that suffer most from the implications of anthropomorphic damage to our planet. In discussing the importance of refl ecting on the lessons that can be found in the literature, Heneghan also mentions the importance of other outlets in a child's development, such as the need for time spent outside the house to explore the world fi rst-hand. He notes that time to learn and refl ect upon the natural world is just as important as the exploration itself: if a child is taught to revere the natural environment as well as to love it, then they might be more inclined to take care of it.
With that knowledge in mind, did I fi nd any environmental messages in Stephen King's book, despite it being aimed at a more mature audience? Unsurprisingly, I did not get the feeling of the safety of home from The Shining, but the book does examine the nature of the human mind and the stresses put upon a small group of people when they are trapped together for an extended period. (I suppose that we might consider the Overlook Hotel to be an island in itself.) The fear of repeating the mistakes of the past is ever present in the novel, as is the notion that such mistakes leave a sometimes permanent and unforgettable mark on the world. What better lesson could there be for attempting to learn sooner rather than later from the lessons of the past, being better than those who have come before us, and understanding the reliance that all creatures (even ghosts) have on their environment? But perhaps I'm overthinking this… If nothing else, I know that I'll take my chances with the great outdoors any day -snow blizzards or otherwise -if it means avoiding my own destruction at the hands of the ghosts of the past.
Maxine Herman-Oakley Mills is Current Biology's Assistant Features Editor.
Defensive symbionts

Kayla C. King
What is a defensive symbiont? Generally, symbiotic relationships are those between species that live closely together. The nature of a given symbiosis can vary along a continuum from harmful (host-parasite interaction) to helpful (mutualism). A defensive symbiont is one that benefi ts its host by fi ghting off the host's natural enemies, including viruses, pathogens and parasitoids ( Figure 1A) .
Where do they live?
Defensive symbionts can be unicellular and live inside a host. For example, the endosymbiotic bacterium Hamiltonella defensa is found inside the cells of aphid hosts and protects against parasitoid wasp infection. Another defensive symbiont, Wolbachia, is one of the most common intracellular bacterial symbionts in arthropods and is inherited in egg cells. Many defensive microbial symbionts, however, are extracellular and are part of the microbiota living inside hosts and on host surfaces. Indeed, protective functions are prominent amongst the symbiotic microbes residing in and on hosts across the tree of life ( Figure 1B-E) . Literally trees, but also insects, worms, frogs, birds, and humans can house microbes that fi ght off infections.
Are all defensive symbionts microbes?
No. The scale of defensive symbioses in nature is vast. These symbionts can be big and multicellular, and live on or alongside hosts. In Africa, pugnacious arboreal ants, which make their home and are provided food on acacia trees, have been observed to repel big herbivores, such as giraffes. Even larger than ants are so-called 'cleaner' organisms (such as some fi sh and birds) that pick off and eat parasites from the skin of big fi sh and mammals. Interestingly, Eastern screech owls bring snakes to their nests to eat parasitic insect larvae that might otherwise infect the bird's brood.
How do hosts acquire defensive symbionts? Some defensive
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Current Biology 29, R71-R85, February 4, 2019 R79 symbionts, like Hamiltonella and Wolbachia, can be passed down from mum. Others can be transmitted among non-relations, much like the common cold. For example, spores of defensive fungal endophytes blow in the wind and can eventually land and burrow into the leaves of tropical cacao trees ( Figure 1B) , where they protect seedlings from major plant pathogens.
How do these symbionts work?
The ways in which symbionts protect are remarkably diverse. Symbionts can interact with parasites directly. Cleaner fi sh act as predators of the parasites, and ants defending plants can be physically aggressive towards mammalian herbivores. Defensive symbionts can also act as parasites of parasites. Often, microbial defensive symbionts are chemically aggressive, producing toxins that kill or disrupt parasite growth. On the skin of midwife toads in the Pyrenees (Figure 1C) , the microbiota might produce a varied arsenal of antifungal metabolites to help hosts resist the emerging chytrid fungus. There are also subtler forms of protection. In Caenorhabditis elegans worms ( Figure 1D ), naturally associated bacteria can induce host immune responses that prevent infection by the pathogen Pseudomonas aeruginosa. When defensive symbionts trigger host defences, invading parasites face an already-primed host and are thus destined to lose.
How benefi cial are defensive symbionts?
The advantages of defensive symbionts can be profound. They can prevent infection or reduce the damage caused by parasites, thereby increasing host survival and reproduction. For instance, an inherited bacterium in fruit fl ies, Spiroplasma (Figure 1E ), produces toxins that inhibit nematode parasite growth, thus enhancing fertility ten-fold compared to unprotected fl ies. This symbiosis is so benefi cial that is has spread across North American fl y populations. Theory predicts that the huge benefi ts of protection might even help symbionts, like Wolbachia, take hold after jumping into new host species.
Are defensive symbionts always good? No, the benefi ts are contextdependent. When enemies are absent and protection is no longer needed, defensive symbionts can just be parasitic ( Figure 1A) . The bodyguard must be paid and, among other costs, defensive symbionts can make metabolic demands. These symbionts are great examples of how organisms can shift along the mutualist-parasite continuum, depending upon enemy presence. Some hosts can respond when their association with a defensive symbiont becomes all cost and no benefi t. For example, when large herbivores were experimentally excluded from feeding on acacias in the African savannah for over 10 years, the trees stopped rewarding their protective ants with nectar and homes. Fewer trees were therefore colonized, and ant colony size was halved.
Are defensive symbionts relevant for human disease control?
The particular power of microbes as protectors is gaining appreciation in medicine and epidemiology. Individual microbe species or the collective microbiota can help hosts to resist the colonization of infectious diseases. Defensive symbiosis underpins faecal transplants, and moving the gut microbiota from healthy individuals into patients has proven very successful in treating Clostridium diffi cile gut infections. Scientists are also aiming to control transmission of Zika and Dengue viruses to humans using defensive symbionts. By putting Wolbachia into mosquitoes, these insects might become less competent vectors of pathogenic viruses. Although in its infancy, the application of defensive symbionts is an exciting area ripe for future development.
What remains to be discovered? A lot, but particularly the evolutionary history and consequences of defensive symbioses. Microbes can evolve quickly -it has been shown that bacteria inside the guts of C. elegans ( Figure 1D ) can evolve within days to protect hosts. The fl exibility and speed with which defensive symbionts evolve are not well understood. Nevertheless, there is potential for symbionts that defend longer-lived hosts (for example, mammals and trees) to evolve and counter infection faster than hosts themselves, thereby 'taking over' the coevolutionary race with parasites. Defensive symbionts might also be more effective and metabolically cheaper than immune systems. Given all these benefi ts, why fi ght the battle yourself? Recruit a defensive symbiont to do the job for you.
Where can I fi nd out more?
